A decrease of absolute synthesis of albumin, no change in that of fibrinogen and an increased fractional synthesis of transferrin were observed 3h after intraperitoneal administration of a pharmacological dose of 5 mg of cortisol to 220g rats in the postabsorptive state and previously kept on a diet with 40% protein. The concentration in liver of total free amino acids was practically unchanged at this time. Intraperitoneal administration of a mixture of amino acids with the cortisol raised this concentration and was accompanied by an almost complete de-repression of the synthesis of albumin, with no real effect on that of fibrinogen. In considerable contrast, in rats studied at 24h after intraperitoneal administration of cortisol, and who had been fed once in the interim (but who had received no amino acids intraperitoneally), there was a marked increase in the absolute synthesis of albumin and fibrinogen, with an increase in fractional synthesis that was less proportionately but still very significant and which included transferrin. The amino acid concentrations had risen above the supplemented values at 3 h but not as much proportionately as the fractional synthesis rates, and of course not as much as the absolute synthesis rates, of albumin and fibrinogen. These time-dependent effects of cortisol suggest to us that our studies resolve the apparently conflicting results of the effect of cortisol on the synthesis of albumin reported by others.
A decrease of absolute synthesis of albumin, no change in that of fibrinogen and an increased fractional synthesis of transferrin were observed 3h after intraperitoneal administration of a pharmacological dose of 5 mg of cortisol to 220g rats in the postabsorptive state and previously kept on a diet with 40% protein. The concentration in liver of total free amino acids was practically unchanged at this time. Intraperitoneal administration of a mixture of amino acids with the cortisol raised this concentration and was accompanied by an almost complete de-repression of the synthesis of albumin, with no real effect on that of fibrinogen. In considerable contrast, in rats studied at 24h after intraperitoneal administration of cortisol, and who had been fed once in the interim (but who had received no amino acids intraperitoneally), there was a marked increase in the absolute synthesis of albumin and fibrinogen, with an increase in fractional synthesis that was less proportionately but still very significant and which included transferrin. The amino acid concentrations had risen above the supplemented values at 3 h but not as much proportionately as the fractional synthesis rates, and of course not as much as the absolute synthesis rates, of albumin and fibrinogen. These time-dependent effects of cortisol suggest to us that our studies resolve the apparently conflicting results of the effect of cortisol on the synthesis of albumin reported by others.
Cortisone is known to stimulate the synthesis of hepatic RNA and proteins (Feigelson et al., 1962) . On chronic administration of adrenal cortical hormones, the synthesis ofplasma albumin, a liver-made protein, is enhanced in animals, including man (Rothschild et al., 1958 (Rothschild et al., , 1961 Grossman et al., 1960) . Further, John & Miller (1969) have shown that supplementation of amino acids with hormones, including cortisol, is required for maximal plasma protein synthesis in the isolated perfused liver. In contrast, in short-term studies, cortisol decreases albumin synthesis in the isolated perfused liver (Sellers et al., 1969; Gordon, 1964) (McFarlane, 1963; Reeve et al., 1963; McFarlane et al., 1965) . The results showed that within 3h of cortisol treatment the fractional and absolute syntheses of albumin were decreased, those of fibrinogen were unchanged and the fractional synthesis of transVol. 130 ferrin was increased, when compared with control values. In contrast, 24h after the administration of cortisol, the fractional synthesis of all three proteins was increased and the absolute synthesis of albumin and fibrinogen increased even more. The concentration of total free amino acids in the liver was unchanged at 3h. The increases in synthesis at 24h were greater proportionately than corresponding increases in concentration of these free amino acids in the liver.
Materials and Methods

Aninmals and cortisol
Male Wistar rats (190-250g) (Jeejeebhoy et al., 1970; 1972) combined with further control values for one batch for albumin and transferrin. Control data were obtained over a period of 27 months and experimental results over the last 20 months of this span of time. As in our earlier studies, the animals were kept on a diet containing 40% protein (as casein) and providing 7100kJV rm2 (1700kcal[ cm-2) surface area for 4-6 days before the study. Only animals eating the diet and gaining weight steadily were used for experiments. The last feed was given to the rats at about 16:00h and the study begun the next day about 08 :OOh. At 3 or 24h before injection of the Na2"4CO3 each rat was injected intraperitoneally with 0.5 ml of the cortisol solution. Plasma protein synthesis in the 3 h experiment was performed on animals in the postabsorptive state, whereas synthesis studied at 24h was in rats that had been fed once after receiving cortisol. In one batch synthesis was measured 3 h after giving both cortisol and an amino acid mixture (4ml of Amigen, a protein hydrolysate; Baxter Laboratories Ltd., Alliston, Ont., Canada). Under light ether anaesthesia the animals received 25,uCi of Na214CO3 intraperitoneally followed by 5,uCi of either 125I-labelled rat albumin, '2sI-labelled rat fibrinogen or 12sl-labelled rat transferrin via the dorsal vein of the penis. After injection of 14C-and 12sI-labelled compounds, blood was withdrawn (under ether anaesthesia) from the retro-orbital plexus into heparin at 10min after injection and then hourly for 3 h after the administration of Na214CO3. Where necessary, blood from two or three rats was pooled to obtain sufficient plasma for the determinations. At the fifth hour the rats were anaesthetized and a large sample of blood was withdrawn from the inferior vena cava under direct vision. The samples were centrifuged and the plasma was separated.
Separate batches of rats were given 5,uCi of [14C]-urea via the dorsal vein of the penis to determine the distribution and turnover of ['4C]urea (McKinley et al., 1970) .
Labelled compounds, experimental procedures (including determination ofradioactivity), protein separations and calculations
The details have been published previously (Jeejeebhoy et al., 1972) , including the calculation of fractional synthesis rates and the method ofcorrecting for losses from the circulation of 14C-labelled proteins during the 5h period over which synthesis was measured (Norwich, 1972) . The magnitude of this correction for losses was not significantly different for rats in the control and cortisol-treated groups. The term fractional, as applied to synthesis, and as used by us, means that fraction (or percentage) of the intravascular (i.e. freely circulating) pool of the plasma protein concerned, which is synthesized per day. This use of fractional has been customary for some years in dynamic studies of plasma protein metabolism in the intact mammal (McFarlane, 1963) . A main reason for use of the term fractional synthesis rate (F.S.R.) as applied to a plasma protein, and for relating it to total circulating mass of the protein was the early finding that catabolism of the major plasma proteins occurs in closer association with this circulating mass of the protein (and therefore in or very near to the intravascular compartment) than with any other parameter so far considered (McFarlane, 1957; Gitlin, 1957) . Another reason for this use of F.S.R. is that it allows some measure of synthesis to be made even when the concentration of the plasma protein is not known (as is the case with transferrin in our experiments). However, because F.S.R. is related to total circulating mass of the given protein (i.e. plasma volume x plasma concentration of the protein), a parameter which does not necessarily parallel body weight and which may fluctuate rather more, and also more rapidly, than body weight does, there need not be a strict parallel between fractional and absolute rates. Absolute synthesis refers to this phenomenon in terms of mass synthesized/day per unit of body or liver weight, and when so expressed takes into account any alteration in the mass of total circulating plasma protein.
The test of significance used when comparing experimental results with control data was Student's t test (Gosset, 1925 ) with Welch's (1947) modification for possibly different population variances and unequal sample sizes as summarized in Documenta Geigy (1962) .
Determination of free amino acid concentrations in liver A 1 g sample of liver was homogenized in 3 ml of 20% (w/v) trichloroacetic acid and the homogenate centrifuged. The precipitate was washed twice with 10% trichloroacetic acid and the supernatants were combined and made up to 10ml for 14C counting and for amino acid analysis by using a Beckman amino acid analyser (physiological column). The essential amino acids measured were histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tyrosine and valine. The non-essential ones measured were alanine, aspartic acid, glycine and serine.
Results
Plasma volume, plasma albumin and fibrinogen, total circulating albumin andfibrinogen
The results are given in The results are given in Table 3 . There was no significant difference between the free amino acid concentration of control animals and those studied 3 h after being given cortisol alone. On the other hand, in rats given Amigen and cortisol, there was at 3 h a significant rise in the concentration of all amino acids measured, except valine. This rise (again excepting valine) was progressive and even more marked by 24h after cortisol treatment (which was without amino acid supplementation but with one feeding, as noted in the Materials and Methods section).
Correlation oftotalfree amino acid concentration with fractional protein synthesis
From Tables 2 and 3 in conjunction, it is obvious that although there was no change in the concentration of total free amino acids in the liver within 3 h of giving cortisol, there appeared to be a significant fall in albumin synthesis and a significant elevation in transferrin synthesis. Fibrinogen synthesis was not really altered.
Giving amino acids with the cortisol resulted in an increase at 3 h in free amino acids, to about Ij times the control value (P<0.02). This rise in amino acid concentration was associated with a significant reversal of the repression of albumin synthesis found in those animals given cortisol alone, and was associated with still no real change in fibrinogen synthesis compared with controls or at 3 h in rats given cortisol alone.
In contrast, although the further increase in free amino acid concentration by 24h was only about 20% above that observed at 3h in animals given amino acids, the synthesis of all three proteins at this time had increased disproportionately, so that (14) 46.37 ± 5.50 (12)** 52.86± 5.76 (16)** while there was a relationship of the albumin and fibrinogen synthesis rates to the concentration of total free essential amino acids the association appeared to be non-linear and non-logarithmic.
Discussion
The results show that initially cortisol primarily depresses albumin synthesis when compared with control animals with a similar hepatic free amino acid concentration. In strong contrast, synthesis of fibrinogen was unaffected and that of transferrin was stimulated, showing that initially cortisol has opposite effects on albumin and on so-called 'acute phase' proteins, namely fibrinogen and transferrin.
However, 24h after cortisol was given, the synthesis of all three plasma proteins was stimulated greatly. Since at this time there was an increased concentration of free amino acids in the liver, an elevation of synthesis could have been due to both a direct effect, as for example through stimulation of hepatic nuclear RNA [Kenney & Kull (1963) , and reviewed by Kenney (1970) ], and to an increase in the availability of amino acids to the liver. This increased availability could have been due to a shift of amino acids from muscle to liver, as reported by others (Munro, 1964, p. 442) . To clarify this aspect, some rats were given amino acids together with cortisol, and synthesis was measured 3 h after the administration of both these agents. It is clear from the results that despite a definite increase in the free amino acid pool, the change in albumin synthesis at 3 h, although an almost complete reversal of the depression noted with cortisol alone, was not equivalent to that observed 24h after giving cortisol alone. Further, 24h after cortisol was given fibrinogen synthesis also was substantially increased, but in this case increase of the amino acid concentration (at 3 h) had not increased or Vol. 130 altered fibrinogen synthesis. These findings suggest that a shift of amino acids can only partially account for the rise in synthesis observed 24h after giving cortisol. Hence cortisol appears to influence the synthesis of proteins both directly (reviewed by Kenney, 1970) and through a shift of amino acids. The direct effect which is observed immediately (within 3h of giving cortisol) is clearly different from the direct effect which is observed later on (at 24h) and also from the indirect effect ofamino acid shift at this later time.
Our findings resolve the seemingly conflicting results of cortisol on albumin synthesis reported by Rothschild et al. (1958 Rothschild et al. ( , 1961 and Grossman et al. (1960) on the one hand and by Sellers et al. (1969) , Gordon (1964) and A. Koj [unpublished work, quoted by McFarlane (1969) ] on the other hand. The last three authors measured synthesis with a short period of cortisol influence, in the perfused liver and in vivo, and noted a fall in albumin synthesis during cortisol administration. The first two authors, however, noted a rise in albumin synthesis, but this was during the chronic administration of cortisol.
A possible hypothesis for the opposing effects of cortisol on different plasma proteins, observed within 3h of its administration, lies in different turnover times ofmRNA for specific plasma proteins (John & Miller, 1966 , 1968 ) and a time-dependent effect of cortisol on the availability of ribosomes. Normal albumin synthesis is likely to involve a major part of the hepatocyte's ribosomal population and utilize much of the cell's amino acid substrate because of the relatively large amount of this protein that is synthesized. Stimulation of ribosomal RNA formation (Jacob et al., 1969) and of mRNA for other, more rapidly turning-over, proteins would decrease the availability of ribosomes (reviewed by Munro, 1970, p. 74) (Munro, 1964, p. 398) . In studies where synthesis was measured 24h after cortisol administration, and in chronic experiments, an elevation in liver RNA (Feigelson et al., 1962) would make more ribosomes available for protein synthesis, resulting in the generalized increases in albumin, fibrinogen and transferrin synthesis. Further, a shift ofamino acids to the liver would reinforce the increase in RNA (Munro, 1964, p. 447) .
